We present a new model of multi-product …rms (MPFs) and ‡exible manufacturing and explore its implications in partial and general equilibrium. Globalization a¤ects the scale and scope of MPFs through a competition e¤ect and a demand e¤ect. Con…rming recent empirical evidence, our results suggest that MPFs in conjunction with ‡exible manufacturing play an important role in the impact of international trade liberalization. In particular, the model highlights a new source of gains from trade: productivity increases as …rms become "leaner" and concentrate on their core competence; but also a new source of losses from trade: product variety may fall.
ization e¤ect" and it is generally considered as a de…ning feature of multi-product …rms. The existence of a cannibalization e¤ect requires that …rms are large in their markets and behave like oligopolists. It gives rise to strategic interactions that are of particular importance for a …rm's reaction to changes in competition.
Second, the varieties within a …rm's product line are linked on the cost side through a ‡exible manufacturing technology (Milgrom and Roberts (1990) , Eaton and Schmitt (1994) , Norman and Thisse (1999) , Eckel (2005) ). Flexible manufacturing emphasizes the fact that …rms typically possess a "core competence"in the production of a particular variety and that they are less e¢ cient in the production of varieties outside their core competence. In our framework, this ine¢ ciency translates into higher marginal labor requirements.
Hence, ‡exible manufacturing allows …rms to expand their product lines, but this expansion is subject to diseconomies of scope and creates cost heterogeneities within these product lines. These cost heterogeneities are important for the general equilibrium e¤ects of changes in product ranges. The two types of linkages, cannibalization and ‡exible manufacturing, are the driving forces behind the intra-…rm adjustments in our framework.
The type of cost linkages and the existence of demand linkages and cannibalization distinguish our work from recent papers by Allanson Redding and Schott develop a model where the …xed costs of production vary with the product range of multi-product …rms; and Nocke and Yeaple assume that unit costs of all products are positively related to the range of products produced. Even more signi…cantly, all three papers analyze multi-product …rms in models of "large-group" monopolistic competition. In such a framework, demand linkages and strategic behaviour are excluded, making it impossible to address the issue of cannibalization. This paper addresses the role of adjustment processes within multi-product …rms and linkages with factor and goods markets in a global economy. In particular, we analyze how multi-product …rms react to di¤erent globalization shocks (both higher foreign productivity and greater international market integration), how these intra-…rm adjustments a¤ect the demand for labour, and how induced changes in wages a¤ect the optimal product range and the distribution of outputs within a …rm's product range. Furthermore, we extend our framework to allow for heterogeneous industries and illustrate how global shocks can have asymmetric e¤ects on multi-product …rms in di¤erent industries. In order to isolate adjustments within …rms from adjustment via exit and entry, we focus on oligopolistic markets where barriers to entry are prohibitively high and the number of …rms is exogenously given. Our analysis provides plausible explanations for observable facts about multi-product …rms and presents testable propositions with respect to the impact of economy-wide shocks on the scale and scope of multi-product …rms.
Until Section 6, we assume that the world economy consists of a continuum of identical industries, each of which has an oligopolistic market structure, and a …nite number of countries, all with fully integrated goods markets but no international factor mobility. We begin in this section by considering the behaviour of consumers and multi-product …rms in a single industry. This introduces the two key features of the model: demand for di¤erentiated products on the one hand, and a ‡exible manufacturing technology on the other.
Preferences and Demand
Our speci…cation of preferences combines the continuum-quadratic approach to symmetric horizontal product di¤erentiation of Ottaviano, Tabuchi and Thisse (2002) with the absence of an outside (or "numeraire") good as in Neary (2002) . Each consumer maximizes a two-tier utility function that depends on their consumption levels q (i) ; i 2 [1; N ], where N is the measure of di¤erentiated goods produced in each industry z, and z varies over the interval [0; 1]. The upper tier is an additive function of a continuum of sub-utility functions, each corresponding to one industry:
As for the lower tier, each sub-utility function is quadratic:
The parameters a, b and e are assumed to be non-negative and identical for all consumers: a denotes the consumer's maximum willingness to pay, while e is an inverse measure of product di¤erentiation, assumed to lie strictly between zero and one. If e = 1, the goods are homogeneous (perfect substitutes) so that demand depends on aggregate output only. By contrast, e = 0 describes the monopoly case where the demand for each good is completely independent of other goods. We rule out these two extreme cases in order to focus on competition between …rms producing di¤erentiated products.
Consumers maximize utility as given by (1) and (2) subject to the budget constraint
where p (i) is the price of variety i and I denotes individual income. This leads to the following individual inverse demand functions:
The parameter is the Lagrange multiplier, which denotes the consumer's marginal utility of income.
To move from individual to aggregate demands, we assume that there are L consumers located in each of k identical countries, all with identical preferences. In addition, we assume that the goods markets of all countries are completely integrated in a single world market and free trade prevails, so the price of a given variety is the same everywhere. Hence the market demand for a particular variety i in any industry, x (i), facing a …rm in any country consists of demand from all consumers, kLq (i). This allows (4) to be rewritten as the inverse world market demand function for good i:
where a Because they depend on , the parameters a 0 and b 0 are endogenously determined in general equilibrium.
However, with a continuum of industries they are perceived as exogenous by individual …rms. Hence …rms are "large"in their own market but "small"in the economy as a whole, which permits a consistent analysis of oligopoly in general equilibrium. (See Neary (2002) for details.)
Costs and Technology of Multi-Product Firms
As explained in the introduction, the technology of multi-product …rms is characterized by a core competence and ‡exible manufacturing. This is illustrated in Figure 1 , where c j (i) denotes the marginal cost which a typical …rm j incurs to produce good i. 3 We assume the marginal cost is constant with respect to the quantity produced, but varies between varieties. It is lowest for the core competence variety, which uses the …rm's most e¢ cient production process. We set a …rm's core competence at i = 0 with c j (0) = c 0 j .
In addition to producing its core competence variety, the …rm can add new products to its product line via ‡exible manufacturing, which describes its ability to produce additional varieties with only a minimum of adaptation. However, some adaptation is necessary, so each addition to the product line incurs a higher marginal production cost but leaves the marginal production costs of existing products unchanged. 4 Marginal production costs for variety i are therefore a strictly increasing function of the mass of products produced: 
Each multi-product …rm produces a mass of products which is denoted by j . Pro…ts for a multi-product …rm j are then given by
where the …xed cost F is independent of both scale and scope.
Optimal Scale and Scope
We assume that …rms play a single-stage Cournot game. Hence they simultaneously choose the quantity produced of each good and the mass of products produced, assuming that rival …rms do not change their scale or scope. The …rst-order condition with respect to the scale of production of a particular good i is given by
where X j R j 0 x j (i) di denotes the …rm's aggregate output. 5 Eliminating the price from equations (5) and (7) gives the output of a single variety:
As always in Cournot competition, industry output has a negative e¤ect on equilibrium output, re ‡ecting the e¤ect of greater competition from rival …rms. In addition, equation (8) shows that the …rm's total output X j also has a negative e¤ect on the output of each variety, re ‡ecting the cannibalization e¤ect discussed in the introduction. Because a larger output of one variety tends to lower the prices that consumers are willing to pay for all other varieties, a multi-product …rm has an additional incentive to restrict its output of each variety beyond the familiar own-price e¤ect. The e¤ect is illustrated in Figure 2 . Because of the cannibalization e¤ect, the marginal revenue curve is lower than it would be for a single-product …rm, so other things equal a multi-product …rm produces less of every good.
Equation (8) also shows that, given its total output, a …rm produces less of each variety the further it is from its core competence: x j (i) is decreasing in c j (i). Given the symmetric structure of demand, this means that it must charge higher prices for products that are further from its core competence, as can be 5 The second-order condition is easily veri…ed:
seen by solving (5) and (7) for the price of each variety:
This heterogeneity of prices charged across varieties is in contrast with models of multi-product …rms where economies of scope arise from …xed costs, or where producing more varieties raises marginal costs for all varieties, as in Nocke and Yeaple (2005) . However, in our model not all of the higher costs are passed on to consumers. Some (in fact, exactly half, because demand is linear) are absorbed by the …rm itself in the form of lower pro…t s on varieties that are further from its core competence:
Note also that, by contrast with the output equation (8), the competition and cannibalization e¤ects have opposite signs in (9) and (10). More competition reduces the prices which …rms can charge in Cournot markets, but this is partly (though not fully) o¤set by the cannibalization e¤ect, which encourages multiproduct …rms to charge higher prices on all their varieties, and also allows them to earn higher s.
Consider next the …rm's choice of product line. Multi-product …rms add new products as long as marginal pro…ts are positive. The …rst-order condition with respect to the scope of production is then:
From the …rst-order condition for scale, equation (7), the pro…t on the marginal variety p j ( j ) c j ( j ) cannot be zero. Equation (11) therefore implies that pro…t-maximizing multi-product …rms choose their product range so that the output of the marginal variety is zero: x j ( j ) = 0. Combining this with equation (8), the …rst-order condition with respect to scope can also be expressed as
The determination of the pro…t-maximizing product range is illustrated in Figure 1 . The …rm's marginal cost of production is lowest for its core competence and rises as it expands its product line. The …rm adds new varieties up to the point where the marginal cost of producing the marginal variety equals the marginal revenue at zero output. To drive sales to zero, the price charged on its marginal variety is the highest of all 6 As
< 0, the second-order condition is easily veri…ed:
its varieties, equal from (9) to p j ( j ) = a 0 b 0 eY . However, it earns the lowest pro…t on its marginal variety, though as already noted it is strictly positive, equal from (10) to b 0 eX j .
Productivity of Multi-Product Firms
Our assumptions about technology imply a direct relationship between a …rm's scope of production and its productivity, as measured by the ratio of total output X to total inputs. Assume that labour is the only factor of production, and that the labour-market is economy-wide and perfectly competitive. The unit cost of producing each variety can then be broken down into a technological component, denoted j (i), and a factor cost component equal to the wage w: c j (i) = w j (i). Here j (i) measures the labour input needed to produce a unit of output of variety i.
To relate total output to the …rm's optimal scope, we can combine the …rst-order conditions for scale and scope, equations (8) and (12) respectively, to express the output of each variety in terms of the di¤erence between its own marginal cost and that of the marginal variety:
Now, integrate (13) over the entire mass of products produced to obtain:
, where
The term j ( j ) is the technological component of total output and can be interpreted as a measure of the total cost savings from ‡exible manufacturing. It is represented by the shaded region in Figure 1 . Note that
Next, consider the total labour employed in production. (We ignore the labour employed in …xed costs).
This equals the integral of the labour requirements of each variety times the output of that variety:
Substituting from (13) for outputs x j (i) and evaluating the integral yields:
Here j ( j ) is the technological component of the …rm's variable demand for labour. Comparison with (14) shows that it depends on other non-technological in ‡uences in exactly the same way as total output. Hence the ratio of the two, which measures the …rm's labour productivity, depends only on technology and on the product range j :
Naturally, j ( j ) is also increasing in j , just like j ( j ): an increase in the …rm's product range requires more labour input. More importantly, it is increasing more rapidly than j ( j ). Hence, we can conclude:
Proposition 1 For a given technology, any shock which leads to an increase in the product range of a multi-product range must also lower its productivity as measured by X j =l j .
Proof: To simplify notation, we suppress the …rm subscript j. Di¤erentiating ( ) with respect to :
where
is the mean of the distribution of labour requirements across all the varieties produced by the …rm in equilibrium. Hence the logarithmic change in measured productivity with respect to a change in …rm scope is given by:
where we make use of equations (39) and (41) in the Appendix, and where 2 is the variance of distribution of (i). Since the variance must be positive, it follows that productivity is decreasing in as claimed.
Q.E.D.
Note that Proposition 1 follows from our assumptions about preferences and technology, but does not depend on any assumptions about …rm behaviour. However, this is as far as we can go without examining in detail how …rms interact. In the next section we turn to consider how equilibrium is determined in an industry made up of multi-product …rms.
3 Industry Equilibrium
Determination of Equilibrium
We consider the case of a symmetric Cournot oligopoly, so we can continue to suppress the …rm subscript j.
Since we wish to focus on intra-…rm adjustments as opposed to adjustments via exit and entry, we assume that there is an exogenously given number of multi-product …rms m in each of the k countries. Industry output is then given by:
The …rst-order condition for scope, equation (12) can therefore be rewritten as follows:
This implies a negative relationship between the output of each …rm and the optimal choice of product range, as illustrated by the downward-sloping curve labelled "Scope: (X)" in Figure 3 . This comes from two sources, which can be explained with reference to the expression for the output of a single variety (8) .
First, even in the case of a monopoly single-product …rm (i.e., when km equals one), the desire to avoid cannibalizing other varieties induces the …rm to produce less of each existing variety as its total output increases. Since the output of the marginal variety, x ( ), is already zero and so cannot be reduced further, this implies that the optimal product range should itself be reduced. Second, this e¤ect is accentuated when the …rm faces competition (so km exceeds one) and all …rms expand their output symmetrically. Increases in rival output clearly reduce the optimal product range of every …rm.
Equation (21) gives one relationship between and X. To derive a second, we integrate over the equations for individual outputs (8):
where:
This expression implies that a rise in initially raises total output, but once reaches its optimal level, further increases in product range reduce total output. This can be seen by di¤erentiating (22) with respect to :
where the numerator of the right-hand side equals the …rst-order condition for scope from (21) , and equals zero when is at its optimal level. The relationship is shown by the curve labelled "Scale: X ( )" in Figure 3 .
Clearly, the symmetric industry equilibrium must be at the intersection of the two curves in Figure 3 , where the equilibrium conditions for scope and scale, equations (21) and (22), are both satis…ed. 7 Note that this occurs at the maximum of X ( ). We can now illustrate how changes in exogenous variables perturb the equilibrium by considering their e¤ects on this diagram and on the pro…le of outputs of individual varieties in Figure 4 . The latter is equation (8) specialized to the case of symmetric equilibria:
Explicit expressions for all e¤ects are given in the Appendix.
The E¤ects of Globalization
Our primary interest is in the e¤ects of globalization, interpreted as an increase in the number of countries participating in the global economy. Such a shock operates through two distinct channels, and it is helpful to consider them separately. On the one hand, globalization means that existing …rms face larger markets, as the number of consumers in the world economy expands: this e¤ect of an increase in k corresponds to that of an increase in L, the number of worker/consumers in each country. On the other hand, globalization means that existing …rms are exposed to more competition from new …rms on world markets: this e¤ect of an increase in k corresponds to that of an increase in m, the number of …rms in each country. The net e¤ect of an increase in k is the sum of these market-size and competition e¤ects, so we consider them in turn. kL . However, at the initial level of total output X, it leaves the intercept a 0 una¤ected. Hence, in Figure 2 the demand curve pivots counter-clockwise, and so does the marginal revenue curve. The outcome is an equi-proportionate increase in the output of all varieties already produced, but no change in the number of varieties. For the marginal variety, the cost curve w ( ) continues to intersect the marginal revenue curve at zero output. This can be seen more formally by inspecting the …rst-order conditions for scope and scale, equations (21) and (22): b 0 always appears multiplied by X, so a fall in b 0 is accommodated by an equal proportionate rise in total output X and no change in . In Figure 3 , both equilibrium loci shift rightwards by an equal amount, while in Figure 4 , the output schedule pivots clockwise around the initial marginal variety . Summarizing: 7 The equilibrium is unique and stable, as the determinant of the coe¢ cient matrix, equation (47) in the Appendix, is always positive. 8 Formally, the equations in the Appendix show that, in all symmetric equilibria, both in partial and general equilibrium, the e¤ects of an increase in k, d ln k, equal those of an increase in L, d ln L, plus those of an increase in m, d ln m.
Proposition 2
The market-size e¤ ect of an increase in k (which equals the total e¤ ect of an increase in L) is an equi-proportionate increase in the output of each variety and of total output, but no change in …rm scope.
The competition e¤ect induced by an increase in m has very di¤erent e¤ects. Now the demand curve intercept for every variety shifts downwards by the same absolute amount, while their slopes are una¤ected.
The output of every variety therefore falls by the same absolute amount, and so in Figure 4 the output pro…le shifts uniformly downwards. With output of every variety falling, total output X must also fall. 9 However, X falls less than proportionally to m, so industry output Y = kmX rises as a result of the entry of new …rms:
In addition, the uniform absolute fall in outputs means that in relative terms greater competition hits harder those varieties produced at higher cost, which implies that marginal varieties become unpro…table and so falls. In Figure 3 , both equilibrium loci shift leftwards, but X ( ) shifts by more. 10 Summarizing:
Proposition 3 The competition e¤ ect of an increase in k (which equals the total e¤ ect of an increase in m)
is a uniform absolute fall in the output of each variety, coupled with falls in both total …rm output and …rm scope, but a rise in industry output.
Having considered separately the market-size and competition e¤ects, we can combine them to get the full e¤ect of an increase in the number of countries in the world economy. Now both the slope and the intercept of each demand curve are a¤ected, the former falling in absolute value as market size expands and the latter shifting downwards as competition intensi…es. In Figure 3 , both equilibrium loci shift rightwards.
Recalling that the number of varieties produced does not bene…t from the market-size e¤ect of a rise in k, whereas total output X does, it follows that the …rst-order condition for scale X ( ) shifts rightwards by more than the …rst-order condition for scope (X). 11 The net e¤ect is an increase in output but a fall in the number of varieties, as shown by the dashed loci.
These divergent responses of X and imply non-uniform changes in the output pro…le. From equation 9 From equation (50) in the Appendix, the absolute change in output of each variety is
, which is independent of i; while equation (48) shows that the change in total output is the corresponding integral:
1 0 The proportionate fall in total output X exceeds that in scope if and only if ( ) has an elasticity greater than one:
A su¢ cient condition for this is that ( ) has an elasticity greater than one, since ( ) = ; while that in the …rst-order condition for scope (X) is
. The ratio of the former to the latter equals 1 + 2(1 e)km (50) in the Appendix, the change in the output of each variety equals:
where 1 > 0 > 0. For marginal varieties, with labour requirements (i) greater than the mean 0 and very close to ( ) ; the second term is negative and dominates. Hence, matching the fall in …rm scope, less is produced of varieties with relatively high costs. However, for all varieties with costs equal to or below average (i.e., with (i) < 0 ), output rises. Hence the output pro…le pivots in a clockwise manner as shown in Figure 4 . Solving explicitly for the labour requirements of the threshold variety whose output is unchanged when k changes, it equals a weighted average of the labour requirements of the marginal and the average varieties:
This is closest to ( ) for a monopoly multi-product …rm (with km equal to one), while in the competitive limit, as the number of countries and hence of multi-product …rms rises, it asymptotes towards the mean 0 .
Summarizing:
The total e¤ ect of an increase in k is a rise in total output coupled with a fall in scope.
Relatively high-cost varieties are discontinued or produced in lower volumes, whereas more is produced of all varieties with average costs or lower.
The interpretation is clear: globalization encourages multi-product …rms to become "leaner and meaner":
pruning their product lines to focus on their core competences. Although the number of …rms is exogenous, so there is no change in the extensive margin at the …rm level, the endogenous response of …rm scope introduces a new margin, the "within-…rm extensive margin", which implies a fall in the number of varieties per …rm.
In addition, combining Propositions 1 to 4, it also implies a rise in …rm productivity:
Corollary Firm productivity is una¤ ected by the market-size e¤ ect, but falls with the competition e¤ ect of an increase in k.
Globalization and Product Variety
We have seen that the number of varieties per …rm falls with globalization, but of course the number of …rms rises. There is nonetheless the possibility that the reduction in …rm scope may dominate, implying a reduction in the total range of products available to consumers. To see this, note that the total number of 1 2 In the linear case, where (i) = 0 + i, the threshold variety is: i = . varieties produced in symmetric equilibrium is given by N = km . This is una¤ected by the market-size e¤ect. However, the competition e¤ect of globalization has con ‡icting e¤ects, raising the number of …rms but lowering the number of varieties:
Substituting for 1 and ( ), this can be rewritten as follows:
Hence a necessary condition for product diversity to fall is that the marginal ‡exibility of production by multi-product …rms is su¢ ciently high that the elasticity of the cost function evaluated at the marginal variety, ( ) , is less than one. A more demanding necessary condition is that the elasticity of ( ), the "cost savings from ‡exible manufacturing", is less than one, since the term in parentheses in (28) is proportional to ( ) 1. 13 This implies that product variety cannot fall overall if the cost function is linear or convex in i.
14 However, for a concave function, it is possible that the e¤ect of globalization in encouraging incumbent …rms to prune their product lines may dominate the direct e¤ect of the entry of new …rms, so that the total number of varieties produced in the world may fall. This result shows the importance of taking the "within-…rm extensive margin" into account when trying to understand the e¤ects of opening up markets to international trade: product diversity can move in the opposite direction to the number of …rms once we allow for intra-…rm adjustment. 1 3 Using equations (38) and (41) in the Appendix, we can write: 1 4 Suppose the cost function takes the form (i) = 0 + i , > 0. Then the necessary condition for a fall in product variety, ( ) < 1, becomes +1 +1 < 0, which does not hold for = 0 (the linear case) or > 0 (the convex case) but does hold for
The previous section considered the adjustment of an oligopolistic industry made up of multi-product …rms to the market-size and competition e¤ects of increased globalization. However, the analysis was unavoidably partial, since no consideration was given to the response of wages. In this section we …rst examine the e¤ects of exogenous wage changes on the equilibrium and then show how wages and outputs are simultaneously determined in general equilibrium.
Wage E¤ects on Scale and Scope
It is immediately apparent from inspection of the equilibrium conditions for …rm scope and scale, equations (21) and (22), that an increase in the wage rate causes both curves to shift to the left in Figure 3 . Hence, not surprisingly, total output X must fall as costs rise. This in turn implies that the relationship between X and the wage w is always decreasing, which is shown in Figure 5 (drawn in fw; Xg space) by the downward-sloping Industry Equilibrium locus labelled "IE:
To determine what happens to …rm scope , it is helpful to consider the e¤ect on the pro…le of outputs.
From equation (24), it can be seen that the direct e¤ect of wages reduces the output of a given variety by more the greater its unit costs, w (i). Hence the pro…le of outputs in Figure 4 is pushed inwards in an asymmetric fashion, with the output of marginal varieties falling by more than those close to the …rm's core competence. Potentially o¤setting this is the e¤ect of reduced competition, which encourages a uniform expansion of all outputs. We have already seen that total …rm output must fall, so this asymmetric response across varieties implies that, at the very least, the outputs of marginal varieties must fall and so …rm scope itself must fall. Hence the equilibrium condition for scope must shift leftwards by more than that for scale, to give a new equilibrium in Figure 3 exhibiting falls in both X and . recalling Proposition 1, the fall in also implies that …rm productivity must rise: although total output falls, it must do so by less than total labour input as the increase in wages encourages …rms to prune marginal varieties and concentrate on their core competence.
The preceding discussion raises the possibility that the output of core varieties may actually rise, even though both X and must fall. To explore this, consider the expression for the change in individual outputs, from equation (50) in the Appendix:
It is clear that all varieties with unit cost greater than average ( (i) > 0 ) must fall when the wage rises.
may rise. The condition for x (0) to rise is:
which is more likely to hold the further is the cost of the core-competence variety from that of the average variety and the greater the number of …rms. 16 To summarize the results so far:
Proposition 6 An exogenous increase in the wage leads all …rms to reduce both their total output and their product range. However, the outputs of varieties with below-average costs may increase.
Simultaneous Determination of Wages and Outputs
To close the model we need to specify how the wage is determined in general equilibrium. We assume that all households supply one unit of labour inelastically, so within each country the total labour supply equals L. The wage must adjust to ensure that this equals the total demand for labour, obtained by integrating across all sectors, …rms and varieties, and including a labour requirement to cover the …xed costs of operating each …rm f . (As discussed in the introduction, we do not assume that there are …xed costs of adding an additional variety, nor of serving additional markets.) The labour-market equilibrium locus can therefore be written as follows:
To proceed further, we substitute for x (i) from equation (8), and evaluate the integral to obtain:
is the second moment around the mean of the …rm's equilibrium distribution of labour requirements. The left-hand side of (32) is the labour supply available to each …rm, while the righthand side is the typical …rm's labour demand. The latter is written as a function of among other variables, but like the expression for aggregate output (22) discussed in the last section, it is independent of when …rm scope is chosen optimally. 17 Once again, this is an envelope result: for a given level of optimally-chosen 1 6 In the linear case, where (i) = 0 + i, the output of the core competence variety increases if and only if:
e (1 + km) 2 > 2 (1 e) 0 . 1 7 To see this, di¤erentiate the numerator of the right-hand side of (32) with respect to , making use of the fact that the derivatives of the two central moments of (i) take a particularly simple form:
The required derivative then turns out to equal [fa 0 e (1 + km) b 0 Xg w ( )] ( ), which is zero in equilibrium from the …rst-order condition for …rm scope, equation (21) . total output, a small change in …rm scope does not a¤ect the aggregate demand for labour. Hence we can solve the model for X and w without considering explicitly, and we can illustrate the determination of equilibrium in fw; Xg space as in Figure 5 .
From (32), it is clear that the labour-market equilibrium locus must be downward-sloping: an increase in output by all …rms lowers their demand for labour because of the competition and cannibalization e¤ects; restoring labour-market equilibrium requires a fall in the wage.
(To be completed)
Conclusion
In this paper we have developed a new model of multi-product …rms which highlights the role of ‡exible manufacturing but which is su¢ ciently tractable that it can be embedded in a model of general oligopolistic equilibrium. Our analysis shows that the GOLE model provides a coherent framework within which the implications of multi-product …rms and the associated supply and demand linkages can be addressed. Our focus is on the intra-…rm adjustments within multi-product …rms and we …nd that economy-wide shocks can have a considerable impact on both the scale and scope of multi-product …rms. In addition, our analysis shows that the general equilibrium feedback e¤ects, through changes in wages and income, are an important determinant of changes in product ranges.
Our results suggest that adjustment processes within multi-product …rms are signi…cantly di¤erent from adjustments within industries through exit and entry. Standard trade theory based on single-product …rms in monopolistic competition predicts that international market integration raises the real wages of all participating countries and unambiguously increases the choices available to consumers. While this outcome is still possible in our framework, our results show that other outcomes are also possible depending on the competitiveness of foreign …rms, on consumer preferences and on the degree of ‡exibility in manufacturing.
First, the change in the real wage depends on whether the impact of an increase in competition from abroad is accompanied by an increase in foreign demand, because the competition e¤ect tends to lower the real wage while the demand e¤ect tends to raise it. Second, the overall change in diversity depends on the degree of ‡exibility in manufacturing. If manufacturing technologies are highly ‡exible, multi-product …rms respond to shocks more by altering their product range than their total output, which as we have shown implies that overall product diversity can fall when new countries enter the world market. 18 These results are substantially di¤erent from the predictions of standard trade theory even though both sets of results are driven by the same forces, an increase in the number of …rms and an increase in the size of the market. This di¤erence in predictions underlines the importance of intra-…rm adjustments.
Furthermore, our look inside a …rm's product range reveals new and testable insights into how inframarginal products adjust. Because ‡exible manufacturing creates cost heterogeneities within …rms, asymmetric adjustment processes are possible that di¤er signi…cantly from adjustments via exit and entry. We show that these processes are driven to a large degree by changes in factor prices, underlining the importance of a general equilibrium approach.
Our framework can be extended in various directions. In Eckel and Neary (2006) we present an extension that analyzes the general equilibrium feedback e¤ects between asymmetric industries. This provides insights into how adjustments within multi-product …rms can di¤er between industries and shows that industries which are not subject to direct foreign competition in their own markets are still a¤ected by a competition e¤ect through the labor market. We also allow for heterogeneous …rms in our partial equilibrium analysis.
Further extensions, to allow for heterogeneous …rms in general equilibrium, and to consider how …rms choose their degree of ‡exibility, seem well worth exploring in our framework.
Empirical evidence suggests that multi-product …rms are an important feature of modern industries. Our results show that adjustment processes within multi-product …rms di¤er substantially from adjustments via exit and entry and that globalization can be a driving force of these adjustment processes.
Preliminary De…nitions
It is convenient to de…ne the …rst and second central moments and the variance of the distribution of labour requirements across all the varieties produced by each …rm in equilibrium:
We also introduce shorthand terms ( ), ( ) and ( ) for the technological components of the integrals of output, labour demand and squared output respectively:
The terms ( ), ( ) and ( ) can be related to each other and to the moments of (i) as follows: 
Similarly for their derivatives:
Finally, we can de…ne the following composite parameters: 
Industry Equilibrium: Comparative Statics
Totally di¤erentiating the …rst-order conditions for scope and scale, equations (21) and (22), and writing the results as a matrix equation gives: 
General Equilibrium: Comparative Statics
Totally di¤erentiating the …rst-order condition for scale, equation (22) , and the labour-market equilibrium locus (32), and writing the results as a matrix equation gives: 
